ABSTRACT We studied the western lowland gorilla diet as a possible model for human nutrient requirements with implications for colonic function. Gorillas in the Central African Republic were identified as consuming over 200 species and varieties of plants and 100 species and varieties of fruit. Thirty-one of the most commonly consumed foods were collected and dried locally before shipping for macronutrient and fiber analysis. The mean macronutrient concentrations were (mean { SD, g/100 g dry basis) fat 0.5 { 0.4, protein 11.8 { 8.2, available carbohydrate 7.7 { 6.3 and dietary fiber 74.0 { 12.9. Assuming that the macronutrient profile of these foods was reflective of the whole gorilla diet and that dietary fiber contributed 6.28 kJ/g (1.5 kcal/g), then the gorilla diet would provide 810 kJ (194 kcal) metabolizable energy per 100 g dry weight. The macronutrient profile of this diet would be as follows: 2.5% energy as fat, 24.3% protein, 15.8% available carbohydrate, with potentially 57.3% of metabolizable energy from short-chain fatty acids (SCFA) derived from colonic fermentation of fiber. Gorillas would therefore obtain considerable energy through fiber fermentation. We suggest that humans also evolved consuming similar high foliage, high fiber diets, which were low in fat and dietary cholesterol. The macronutrient and fiber profile of the gorilla diet is one in which the colon is likely to play a major role in overall nutrition. Both the nutrient and fiber components of such a diet and the functional capacity of the hominoid colon may have important dietary implications for contemporary human health.
Although much is known of the chemical composition of clusions are based on tracking and direct observation of feeding foods eaten by the great apes (Rogers et al. 1990, Tutin and practices and fecal analysis. This dietary characteristic of high Fernandez 1993 , Watts 1984 , no attempt has been made to foliage consumption has been developed still further in certain express their macronutrient intakes in terms that allow comold world monkeys (colobus monkeys) who have evolved foreparison with human diets. We believe that an understanding gut fermentation chambers analogous to herbivorous ungulates of the diets eaten by the great apes might provide insights into (Waterman et al. 1980) . In terms of high levels of plant conthe diet eaten by a common ancestor, which thus influenced sumption, great apes differ from humans, and western humans the evolution of the human genome. Such knowledge may be in particular, at a time when, ironically, health recommendavaluable in understanding human dietary requirements. Anations all point to the increased consumption of fruit and vegetomically, the digestive tracts of humans and great apes are tables (Health Canada 1992 , Suber et al. 1992 ). very similar (Stevens and Hume 1995) . It has also been estiTherefore, to assess the gorilla diet and compare the macromated that the great apes differ in genetic makeup by õ3% nutrient profile with human diets, we studied food selection by among themselves and that the difference between humans the western lowland gorilla (Gorilla gorilla gorilla). We collected and the great apes is of the same magnitude (Sibley and Ahl- commonly consumed foods, which were analyzed by the same quist 1984 and 1987) . In addition, the great apes have many methods as those used for human diets. From these data, we dietary factors in common, namely, largely vegetarian diets derived a macronutrient profile of the western lowland gorilla with high foliage and fruit consumption (MacKinnon 1971, diet using energy values for fiber (Livesey and Elia 1995) that McGrew et al. 1988, Tutin and Fernandez 1993) . These conhave been applied to humans. LOWLAND GORILLA DIET FIGURE 1 Study site for food consumption by lowland gorillas in Dzanga-Ndoki National Park, Central African Republic.
vegetation and 100 species and varieties of fruit. Identification of al. 1988) . Available carbohydrate was determined by difference. Data are expressed as a percentage of dry weight. To assess the possible foods eaten was based on standard methods, a combination of direct observation and fecal analysis (Goodall 1977 , Moreno-Black 1978 .
relative contribution of each macronutrient as a percentage of total energy intake, we used a conservative conversion factor of 6.28 kJ/g Gorilla fecal samples were collected from nest sites and feeding trails throughout the study area, placed in polyethylene bags and labeled.
(1.5 kcal/g) for dietary fiber (Cummings 1981 , Livesey and Elia 1995 , McBurney 1994 , McNeil 1984 . Each sample was sorted through by one investigator (R.W.C.) and a team of two to five Aka botanists. All identifiable components of Results are presented as mean { SD; the significance of differences in macronutrients between the main classes of foods (leaves, stems, each sample were separated, given an Aka name if known, listed in a notebook, and saved as voucher specimens. Later this information vine and fruit) was analyzed by ANOVA and Student-NewmanKeuls test (Fleiss 1986 , Searle, 1971 ) using SAS (SAS Institute 1985 . was entered into a computer and assessed using the Paradox data base program (Borland International, Scotts Valley, CA). Fruit, seeds and hulls, leaf fragments, fibers, stems, bark and vines and invertebrate
RESULTS
remains could be identified. No attempt was made to quantify the volume of foods ingested by extrapolation from fecal remains. VouchFoods were low in fat (g/100 g dry matter) (0.5 { 0.4; ers of each item were stored in polyethylene bags, labeled and comrange 0.1 -1.8) and available carbohydrate (7.7 { 6.3; range pared with herbarium vouchers of each species. Identification of all mentation, would be as follows: fat 5.9%, protein 57.0% 15.8% and short-chain fatty acids (SCFA) 57.3% as shown in Figure 2 . If a higher energy value was attributed to fiber, and available carbohydrate 37.1% (Fig. 2) . However, if dietary fiber provides at least 6.28 kJ/g (1.5 kcal/g) (Cummings on the basis that leafy vegetable fibers are among the more readily fermentable (Cummings 1982 , McNeil 1984 ), then 1981 , Livesey and Elia 1995 , McBurney 1994 , McNeil 1984 , the resulting energy value would be 810 kJ/100 g the increased energy retrieved from colonic fermentation of fiber would further reduce the relative contribution of the dry matter (194 kcal) and the macronutrient profile of the western lowland gorilla diet, as a percentage of daily energy macronutrients, fat, protein and carbohydrate as a percentage of total energy (Fig. 2) . intake, would be fat 2.5%, protein 24.3%, carbohydrate / 4w28$$0017 08-28-97 22:38:05 nutra LP: J Nut October FIGURE 2 The theoretical effect of different levels of fiber fermentation on the macronutrient profile of the gorilla diet. The points trace the theoretical reduction in energy contribution from protein, fat and carbohydrate as increasing amounts of energy are derived from fiber through the production of short-chain fatty acids (SCFA) (top panel). The bars in the bottom panel indicate the theoretical increase in energy value per gram of fiber, dependent on the degree to which fiber is fermented. At zero fermentation of fiber, the energy intake from fat, protein and carbohydrate (top panel) reflects the proportion of these nutrients in the gorilla diet (0.5 g fat, 11.8 g protein and 7.7 g available carbohydrate per 100 g dry weight). Values are then calculated for the macronutrient profile, assuming that an increasing proportion of the 74.0 g fiber per 100 g dry weight is fermented to SCFA with increasing energy available from SCFA (up to 100% fermented, i.e., 16.8 kJ/g fiber). The black bar (bottom panel) and solid symbols (top panel) represent our suggested level of fermentation and macronutrient profile, respectively, for the gorilla diet on the assumption that 6.3 kJ (1.5 kcal) per gram of fiber is a conservative figure for the energy value of fiber (1 kcal Å 4.18 kJ).
DISCUSSION
chimpanzee feces providing evidence of animal food consumption (Tutin and Fernandez 1993) . The data also suggest an important nutritional role for the These data indicate that the macronutrient profile of the gorilla hominoid colon. The high fiber content of the foods eaten diet is likely to be very low in fat and high in dietary fiber.
provide a substrate for bacterial fermentation in the colon with Because there is a virtual absence of foods of animal origin, dietary cholesterol intake is likely to be negligible. The macronutrient SCFA generation. This process in turn increases the energy value of the diet and reduces the relative contribution of the profile of this diet therefore far exceeds current guidelines for the management of serum lipids in western populations (Expert Panel, three macronutrients. Although no data have been available for the gorilla until National Cholesterol Education Program 1993).
The high level of consumption of plant foods by gorillas now, other great apes are very effective hindgut fermentors (Milton and Demment 1988, Van Soest 1994) . The sacculated is shared by other great apes (MacKinnon 1971, Tutin and Fernandez 1993) , and the macronutrient profile of their diets colon of humans led Elliot and Barclay-Smith (1904) to conclude that the colonic structure of humans is closer to that of is likely to be similar to that of gorillas. Only chimpanzees consume and occasionally hunt vertebrates. Despite this oma herbivore than to an omnivore. Studies in humans have indicated that dietary fiber is 35-100% fermentable, denivorous behavior, which more clearly resembles Homo sapiens than the other great apes, the intake of food of animal origin pending on the fiber type, with 80% fermentation of leafy vegetables (e.g., cabbage) (Cummings 1982) . Approximately is still at a very low level (de Waal 1995) with only 1.7% of / 4w28$$0017 08-28-97 22:38:05 nutra LP: J Nut October 75% of the energy resulting from fermentation can be used by bulk and water-holding capacity, shortening transit time and decreasing concentrations of toxic substances including bile the host in the form of absorbed SCFA: acetate, propionate and butyrate (Cummings 1981 , McNeil 1984 . On the basis acids (McKeigue et al. 1989 ) and free ammonia (Visek 1978) . Leafy vegetables are also rich sources of antioxidants including of human feeding studies, including those involving fermentation of ileostomy effluent, we selected 6.28 kJ/g (1.5 kcal/g) b-carotene, vitamin C, lignans and flavonoids, some of which have been associated with reduced rates of cardiovascular disas a conservative energy value for dietary fiber that might be applied to gorilla diets (McBurney 1994, Livesey and Elia ease in humans (Hertog et al. 1993) . High folate intakes, derived from leafy vegetation by the great apes, may have 1995). In view of the very high fiber content of gorilla foods, the gorilla colon thus becomes a potentially important organ implications in the prevention of cardiovascular disease (Selhub et al. 1995) , colon cancer (Kim and Mason 1995) and for dietary energy retrieval.
Mountain gorillas (Gorilla gorilla beringei) (Fossey 1974, spina bifida (Wald et al. 1991 ) in humans. Natural gorilla feeding patterns of ''foraging'' throughout the day may also Watts 1984) eat foliage throughout the year, whereas the western lowland gorillas (e.g., in Gabon) consume less foliage and have health benefits because increased feeding frequency, ''nibbling,'' has been shown in human studies to reduce LDL chomore fruit in the wet season (Williamson et al. 1988) as do sympatric chimpanzees (Tutin and Fernandez 1993) . Geolesterol and the postprandial insulin response (Jenkins et al. 1989) . graphic and seasonal variation may influence the extent to which hindgut fermentation is likely to play a part in colonic
In conclusion, we believe that the diets of the great apes in the wild may provide insights into the nature of the foods retrieval of dietary energy by the great apes, depending on variation in fiber intake. Nevertheless, these variations are that hominoids evolved to eat and that have shaped human nutrient requirements for health and the function of the homirelatively small compared with the difference between the diets of modern western man and the western lowland gorilla.
noid gut. Despite a genetic difference of as little as 2% between humans and gorillas (Sibley and Ahlquist 1984) , the human colon may LITERATURE CITED contribute as little as 2-9% to total energy (Livesey and Elia 1995 , McBurney 1994 , McNeil 1984 
